The paper proposes a tool that generates authority files to be integrated with Linked Data by means of learning rules.
data and thereby contribute to authority control. These bodies acknowledge the fact that the information exchange protocols on the Web are insufficient means of controlling authority in the catalogues and systems of library management, since not all countries and organizations can deploy the same level of technological or human resources in their cataloguing efforts, making cooperative cataloguing nearly impossible.
The OCLC, IFLA and the US Library of Congress have fueled initiatives for authority control by sharing the records of various cataloguing agencies. Fruit of this work is the Virtual International Authority File (VIAF), which has meant advances in the construction and generation of authority entries, though it has not reached all the major information institutions at the international level (Bourdon and Zillhardt, 1997) . The fact that this project makes it possible to contact information organizations and recognize authority records within an exclusive setting that embraces over 10 National Libraries is, at the same time, a matter that limits the possibilities for outside organizations attempting to access the high quality records generated in these libraries. Developing VIAF records to interact beyond the library framework calls for adopting a more open, interactive, non-exclusive, and ultimately operative viewpoint for authority control. For this reason, we need to take a better look at the processes that actually facilitate collaboration with all organisms producing, consuming or diffusing information. The use of learning rules and the facilities of Linked Data make it easier for information organizations to reutilize products for authority control and distribute them in a fair and efficient manner. Hence, the aim of the present contribution: to propose a tool that generates authority files to be integrated with Linked Data by means of learning rules.
2.-Material and Methods
The proposed tool combines the potential of Linked Data with the strengths of the protocols of the Semantic Web, to which we added working rules based on the experience of librarians in creating access points (Tillett, 2004) . To test the effectiveness of AUTHORIS we used an efficiency measure, connected to the catalogues of 34 libraries in Spain and the United States. Two variables were used for evaluation: capacity to create records, and quality in record creation.
The indicators assessed for each variable are defined in the evaluation section (section 6).
3.-Authority control: genesis
Authority control is a matter that has exacted the effort of generations of librarians and cataloguers. The need to uniformly record information on each author included in a catalogue is addressed in work and research stemming from several international organizations. Thanks to the efforts of the IFLA, LITA and ALA, among others, the community of cataloguers has come to adopt standards for generating catalogue entries in a homogeneous manner. The overall goal is to unify the criteria of diverse library consortia and create bibliographic records guided by universally described and accepted cataloguing standards. A brief outline of the development of authority control would include the following landmarks:

The need for authority control is made explicit, and the Name Authority Cooperative (NACO) comes to light within the US Library of Congress. In Asia, the Hong Kong Chinese Authority Name (HKCAN) is established. This meant recognition of the issue in just two organisms worldwide -far, however, from the syndetic goals set forth by Charles Cutter in the 19th century (Cutter, 1986) .  Lubetzky (Lubetzky, 1969) improves the search and retrieval of authored works in bibliographic records, eliminating the deficiencies that interfered with the retrieval and location of authors in a catalogue.  Ritvars Bregzis (Bregzis, 1982) creates the ISADN (International Standard Authority Data Number) to overcome difficulties when retrieving bibliographic records with works relative to a given author and with works recorded under a uniform title. The ISADN became an important tool to connect bibliographic records of diverse authors and multiple levels of citation, using fixed numbers for each author or associated work. Soon, the ISADN was key to operations in US libraries.
The Control Interest Group (ACIG), created under the ALA in 1984, can be seen as a quantum leap in the development of cataloguing activity. Its research into authority control in the United States focused on the use of catalogues in public and specialized libraries to make recommendations for the uniform treatment of authority.

The guidelines known as Functional Requirements for
Bibliographic Records (FRBR) and the AACR2 facilitate the use of several tags for information retrieval (Pino, 2004; Danskin, 1996; 1998) , among them: Find: to locate an entity or entities through attributes and relations; Identify: confirms the correspondence between the records searched for and the ones actually located; Obtain: facilitates acquisition of an entity or item; and Navigate, which helps both the cataloguer and general public to navigate through materials related with their search in the document collection. The connections between MARC, MARC 21 and XML are made visible.
The relations among these formats for information display and retrieval facilitate mapping between databases, thereby making bibliographic exchange easier for information institutions. The novel appearance of FRBR, with its ensuing consolidation, constitutes a turning point for information description, affording flexibility in data processing tasks.
3.
IFLA publishes the Guidelines for Authority Records and References
(GARR). The archives community develops EAD to encode authority metadata using XML, in turn, connected to formats MARC 21 and Dublin Core.
4.
The so-called FRANAR (Functional Requirements and Numbering of Authority Records) appear on the scene, integrating elements of access and processing in the realm of authority records (Bourdon, 2002 Nonetheless, the VIAF objective cannot be achieved by all libraries worldwide due to the fact that:
1. It does not take into account the cognitive factors of the user, and at times describes matters in "librarian" terminology, opaque for the average Web user.
2.
Librarians cannot modify or improve their catalogue entries.
Not all organizations around the world use standards and guidelines such as GARR, GSARE, AACR2 or RDA.
4.
Cataloguing work is not organized all over the world in such a way that would permit the formation of work groups to attend VIAF in all regions.
5.
Even though most countries have National Libraries, these may not be the most appropriate organisms for coordinating VIAF activities.
6.
Insufficient qualified human resources for cataloguing and a lack of regulations and work standards translate as frequent errors in the entries of catalogues.
7.
Not all the information resources on authority are generated by information organizations, for which reason the work of cataloguing and control is more complicated in the Web environment.
8. VIAF works with a small number of entities and organizations. There is demand for a model of interchange that would be rooted in information resources of a public nature, not necessarily generated from the domain of librarians.
9.
There is a need for software that would monitor errors, homogenizing
Web searches and authority entries, aside from being able to recognize and group elements under a uniform title. Those existing at present respond to the demands of librarians, not those of other organisms where bibliographic information is commonly used.
In order to implement the VIAF postulates and authority control within the Semantic Web, or in Linked Data, a new dimension for processing information on the Web is needed (Greenberg and Robertson, 2002) . To proceed in this direction, the bibliographic records of libraries must be correctly mixed with the protocols of the Semantic Web and similar organizations. In this sense, we can A further essential element for adapting to the Semantic Web lies in the authority control by information organizations (Qiang, 2004; Taylor, 1999) and, more specifically, their conversion to RDF (Resource Description Framework) (Miles et al., 2005) . This is a complex task that sometimes entails huge programming costs, as organizations may have records in diverse bibliographic formats.
Such obstacles do not detract from the semantic wealth of these vocabularies, with potential for constructing linguistic structures that improve the ratio of recall and precision in the retrieval of information from the Web. The lexical structures involved enable diverse users to engage in communication, overcoming linguistic barriers when searching for or retrieving information.
Human and technological resources on the library horizon show great variation.
Many libraries, for instance that of the University of North Carolina, devise systems with a high syndetic level; whereas others might not even have generated catalogues in a first level of bibliographic description. Such great differences across the board underscore the significance of even attempting a global system for authority control. Along with the phenomenon of diverse technological capacities, we encounter a proliferation of tools produced through the very development of the Web, by non-librarian organizations (Harper and Tillett, 2007 Drupal is a content management system created by Dries Buytaert in 1999 and developed under GNU license two years later. Creating a website in Drupal consists of combining several "blocks" in order to adapt the site functionality to specific needs. It furthermore provides a Content Management Framework (Byron, Berry and Bondt, 2012) . Information is stored in a relational database (it works with MySQL, PostgreSQL, SQLite and others) using PHP programming language.
Drupal permits publication of data in RDF format, or alternative formats such as N-Triples, JSON, XML, RSS 1.0 and Turtle. It handles the URIs of the published RDF data, and accommodates an Endpoint SPARQL for consulting the data.
The RDF fields and Namespaces can be personalized.
Hence, it is very flexible software, while featuring a robust security mechanism and sufficient online documentation. A major strength of this CMS resides in the possibility of adding modules. In this case, we opted to generate a new one that would surpass the capacity of the Biblio module, designed to process bibliographic references.
Although there are numerous methodologies for developing information services, in the case of AUTHORIS we opted for the approach devised by Garrido and Tramullas, which highlights the most important aspects for a proper design of digital information (Garrido and Tramullas, 2006) . The actions carried out to create the service were:
1. Study the needs of potential users of the service.
2.
Develop automata and program text-processing models.
3.
Test-run the program.
4.
Train staff and create the software documentation.
5.
Trial stage of the software.
6. Publication and diffusion of the service.
Below we go over the main features of the system:  Authentication: a user is assigned a role by the system administrator. Each user has specific tasks that include record conversion, automatic cataloguing and information searches. to select the nationality of the author (if an individual; or the entry data in the case of a corporative author), and the system automatically assigns the correct entry using the learning rules declared for this purpose. If the system already has the authors introduced by another agency, it will suggest the best entry based on cases previously described and stored.
Furthermore, the user can select the output format to export the authority record created. The authority rules are also used to group the uniform titles most used by agencies included in the project. File conversion makes it easier to obtain data in RDF generated by another 200 databases that are not associated with the AUTHORIS project, including DLBP, VIVO, Dbpedia, IEEE, PubChem and Chem2Bio2RDF. 
5.2.-Architecture
The software is made up of a number of modules for information processing, a system of rules for conversion and authority control, and a Linked Data module.
The data sources feeding AUTHORIS are publishing companies, libraries, press agencies, online journals, and databases, whose bibliographic information serves to create authority records similar to the VIAF (see figure 4) . To create an authority record, this software explores and locates records in diverse formats used in other entities, in view of:
 Authority records: they present all the information about corporate or individual authors that an information organization may possess. In the authority records, all author entries are standardized. They constitute the foundation of the system and serve to make comparisons between records, to determine which is the best or most complete.  Virtual publishers and bookshops: these hold a large portion of the international publishing output worldwide. They take in the titles of works as well as the names of authors.
 Pages of organizations: generally speaking, they provide information about persons associated with an organization.
Modules
This tool has four modules, all essential for fulfilling authority control requirements. Processing is channeled through a knowledge base that stores cases referring to any uses of AACR2. Just below we describe the main modules -Linked Data and authority processing-since the other two (information processing and record keeping) are in charge of the tasks of sending and resending records in view of the options chosen.
Linked Data
The use URIs (uniform resource identifiers) to uniquely identify resources;
2. use URI http so that people can access information from the resource; 3. offer information about resources using RDF;
4. include links to other URIs, facilitating links between different data distributed on the Web. The Linked Data module is based on the LODE-BD requirements (LOD-enabled Bibliographic Data), a standard providing for the use of bibliographic data (Subirats and Lei Zeng, 2012) . With LODE it is possible to use data in any of the formats specified here: SQL, FRAD, XBRL and FRBR.
After activating the data structured in the above formats, the records are converted to ISBD, AACR2 or RDA, depending on the needs of the agency using the software. After transformation, rules to build access are applied, individually, for authors, corporate authors, uniform titles and additional entries.
The access rules are complemented by decision-making rules that map the bibliographic records of 32 libraries, capable of determining the most used and most correct entry for each bibliographic record.
After this, within the module of Linked Data it is likewise possible to transform vocabularies or their terminology, converting the records into any of the vocabularies existing in the database of the system, or using vocabularies of reference. The output formats are: XML, RDF, RDFS and OWL.
Authority rules
The rules for authority conversion with which we work in this module were derived from a need for systems to be more scalable and professional (Miles et al., 2005) , and from daily practices of persons dedicated to information use and management. To transform the data into a bibliographic format, the system converts all sources into XML. This XML file then undergoes transformations into RDF, XML, MARC 21, MARC, UNIMARC or FRBR.
The authority rules were created bearing in mind AACR2 and RDA standards, and regularity in subject headings in libraries all over the world. To formulate these rules, more than 5000 cases (from different organizations) were used. In this way, part of the authority work was "intelligent", carried out automatically, gathering cases where specific conditions were set out for:
 Personal author.
 Corporate author.
 Non-governmental institutions.
 Government institutions.
 International institutions.
 Religious institutions.
 Events.
 Subtitles.
 Parallel title.
 Alternative title.
 Statement of responsibility.
 Shared responsibility.
 Mixed responsibility.
The system of rules for authority control is in charge of standardizing the entries under uniform criteria, which are the same as those used by information organizations worldwide. The rules serve to instrumentalize a learning system that selects an entry by weighing its quality, in view of the following parameters:
• Rules for the control of individual and corporate authors: they feed on the Anglo-American Cataloguing Rules and serve to standardize the entries.
The system has 300 cases for each rule, and a deciding algorithm that chooses the most complete entry for each heading. Figure 6 illustrates one of the rules employed to process government authority entries.
• • Rule 3 Heading for embassies
• If the heading for an embassy or delegation has no country for which it is accredited, select as valid heading the one held by the country before which it is accredited. Cases:
• • If the main entry contains the country, the embassy and the place, it is selected as the most complete entry.
• location 1 + embassy 2 + (place 2) make 5 AUTHORIS is intended to be developed as an Open Source platform, and although it was originally meant to offer a specific service, the final aim is for it to be used by a broad array of groups and libraries. After the trial stage, all the modules configuring AUTHORIS will be available in Google Code under GNU General Public License v 3.0, and processed by means of Git version control.
6.-Evaluation
The effectiveness of AUTHORIS was evaluated applying a learning test developed and proposed by RDA (US RDA Test Coordinating Committee, 2011).
A total of 16 users participated, divided into the following categories: Then, the quality of the records created was assessed. That is, the effectiveness of the system was evaluated by means of the records generated automatically by AUTHORIS when transforming formats such as MARC, MARC Incorrect use of uniform titles.
6.1.-Results
The ISAD-G records were the ones presenting most errors, above all in the following cases: EAD was found to be second in the number of errors produced, with 16 errors of omission of place and date in conferences involving corporate authority. In the transformation to EAD we found 12 records that did not include the terms of relation or designators specifying "issuing body" or "funding body" in the access points of the main entry. 13 EAD records were incomplete and generated confusion, as they did not mention in the description whether an online resource and its printed counterpart were catalogued. These errors can be attributed to the number of fields used by the archive rules and the heterogeneity of cataloguing procedures. The rest of the formats -MARC 21, Dublin Core, FRAD, RDF, OWL, XBRL and FOAF-showed fewer than 20 errors in total, indicating that their transfers are carried out with quality and that they serve for usage with Linked Data. 
7.-Conclusions
The development of authority control faces new challenges in the Semantic
Web. The need to facilitate interoperability and connection among nonbibliographic and bibliographic entities is one promising area to be implemented by the designers and developers of future cataloguing and authority control systems.
The tool presented in this paper is not meant to be a panacea in this sense.
Indeed, the authors hold that such applications will not be needed in the library world of the future, given that integrated library systems will eventually adopt the technologies used by the Linked Data movement as a global reality, not just an extension toward RDA cataloguing.
In the meantime AUTHORIS paves a path toward terrain where future information systems might be oriented: the integration of data and contents. It is our understanding that all efforts should lead to promoting the creation and use of Open Data. The model for authority control presented in AUTHORIS is flexible and inclusive.
Although certain solutions for international authority control have been put forth previously, progress is slow and tends to be limited to National Libraries or very large ones. Non-library organizations (particularly publishing companies and bookstores) are left out in the cold, despite their capacity to generate vast volumes of authority entries that might be used not only for authority control, but also for information exchange.
AUTHORIS, our proposal in this direction, offers institutions the means of sharing data in a global manner with a high level of stability, moreover helping to detect records that are duplicated, while contributing to lexical disambiguation and data enrichment.
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